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Introduction
The increasing incidence of chronic diseases in the population is a known fact and has led to much discussion about the issue. Noncommunicable diseases are the leading cause of death in the world, accounting for 63% of the 57 million deaths that occurred in 2008, with the majority of these deaths (36 million) being assigned to cardiovascular diseases and diabetes, cancers and chronic respiratory diseases (1) .
Chronic kidney disease (CKD) has received increasing attention from the international scienti ic community, with its high prevalence having been demonstrated in recent studies (2) . This disease may be associated with hypertension, diabetes mellitus, as well as complications of the cardiopulmonary, cardiovascular and other systems: nervous, respiratory, musculoskeletal, immune, and endocrine/metabolic (2) (3) (4) .
One of the main treatments for CKD is hemodialysis (HD), which is a therapeutic process capable of removing catabolites from the body and correcting the modi ications of the internal environment, by means of circulating the blood through equipment appropriate for this purpose. Patients with CKD undergoing HD present impaired quality of life, due to limited cardiorespiratory itness and decreased functional capacity which may impair performance in leisure activities, work and social life (5) (6) (7) (8) .
The evaluation of the strength, endurance and resistance to fatigue of the respiratory muscles allows signi icant indices of pulmonary function (PF), functional capacity (FC) and respiratory muscle strength (RMS) to be obtained. Chronic kidney disease and its metabolic changes may result in a variety of pathophysiological conditions that favor the development of respiratory muscle weakness, however, very little is known about the performance of the respiratory muscles and the in luence of HD on them (8, 9) .
The aim of this study was to evaluate and correlate the PF, the FC and the RMS in CKD patients undergoing hemodialysis.
Materials and methods
This transversal and descriptive study was performed in an HD reference sector of a large hospital in the city of Passo Fundo-RS. The sample consisted of 23 patients with CKD that ful illed the following inclusion criteria: patients of both genders, who had performed HD three times a week for a minimum of three months and that signed the informed consent form (ICF). Individuals that ful illed one or more of the following criteria were excluded from the study: hemodynamic instability, amputation, deep vein thrombosis, severe dyspnea, femoral istula, precordial pain, unstable angina, orthopedic impairments, musculoskeletal, neurological and /or cognitive changes that compromised participation in the study, and those individuals who refused to sign the ICF.
Initially, 40 patients were invited to participate in the study. Of these, 27 agreed to participate, with the refusals being due to unavailability of time and/or lack of interest. Overall, four additional losses were considered: two due to death and two withdrawals of the ICF. The study was approved by the Research Ethics Committee of the University of Passo Fundo (CAAE: 11781413.8.0000.5342) and by the Hospital in which the data was collected.
The clinical and anthropometric characteristics of the participants were veri ied through prior evaluation and analysis of the medical records, with the application of a questionnaire to verify the sociodemographic characteristics. To evaluate the RMS, maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP) were assessed using an analog respiratory pressure meter (Commercial Médica ® , support class model B-ABNT), calibrated in cmH2O with operational limit of ± 300, prior to the start of the treatment, on the second day of dialysis. The MIP was measured from the residual volume (RV), while the MEP was measured from the total lung capacity (TLC).
All individuals performed the maneuvers three times for at least one to two seconds (10) . For the analysis, using the equation of Neder et al. (1999) , the highest values obtained for inspiration and expiration were used. These could not exceed the nearest value by more than 10%, with the values obtained being compared with the predicted values for the Brazilian population.
The evaluation of the submaximal functional capacity (SMFC) was carried out through the 6-minute walk test (6MWT), according to the American Thoracic Society (11) . In a lat 30 meter corridor, with markings every 3 meters, the patient was instructed to walk as quickly as possible, without slowing down, and to complete as many lengths as possible. The following variables were measured at the beginning and immediately after 6 minutes of the test: blood pressure (BP), heart rate (HR), respiratory rate (RR), oxygen saturation (SO2) and perceived exertion through the modi ied Borg scale (12) . Every minute the patient was encouraged, through verbal commands, always by the same examiner, to walk as fast as possible.
The PF was evaluated by spirometry, using an MR spirometer (Spirodoc ® model, Italy). Spirometric lung volumes, such as forced vital capacity (FVC), forced expiratory volume in one second (FEV1) and the Tiffeneau index (FEV1/FVC), were measured from the total lung capacity. Both tests were performed with the patient seated, and followed the recommendations of the Guidelines for Pulmonary Function Tests (13, 14) .
The numerical variables were expressed as mean ± standard deviation and median (percentile25 -percentile75), according to whether they presented normal or non-normal distribution. The correlations between spirometric variables, RMS and SMFC, expressed as percentage of that predicted for age and gender, were evaluated using Pearson's linear correlation coef icient. Tests with p-values <. 05 were considered to be statistically signi icant.
Results
Of the 23 patients included in the study, all were male with a mean age of 50.2 ± 15.8 years. The median time of HD was 3 (1.5 to 6.0) years. Regarding smoking, 11 (47.8%) reported never having smoked, 11 (47.8%) to be ex-smokers and 1 (4.3%) a current smoker. Among the former and current smokers, the median time of smoking was 25.0 (8.8 to 38.8) years. The majority were retired 15 (65.21%), 13 (56.52%) presented no complaints, however, some of the patients reported cramps -4 (17.39%), fatigue -3 (13.04%) and headaches -3 (13.04%). The etiological cause of higher incidence was hypertension -9 (39.13%), followed by diabetes mellitus -5 (21.53%) ( Table 1) . Table 2 shows the predicted values and those obtained by the patients for RMS, PF and 6MWT. The mean MIP% was 36.0 ± 13.6, MEP% 49.5 ± 15.8, FVC% 93.8 ± 21.1, FEV1% 93.7 ± 21.1, FEV1/FVC% 104.1 ± 10.3, and 6MWT% 66.33 ± 20.53. Table 3 describes the correlations between spirometric variables, RMS and SMFC expressed as a percentage of that predicted for age and gender.
There was a statistically signi icant positive correlation between the 6MWT and MIP (r = .63, p = .001) and MEP (r =.67, p <.001). There was no statistically signi icant association between the 6MWT and FVC (r =.22, p =.317), FEV1 (r =.09, p =.674) and FEV1/ FVC (r =-0.26, p =.234).
There was a signi icant correlation between MIP and MEP (r =.79, p <.001) and between FEV1 and FVC (r = .91, p < .001). Despite a general improvement in care for the risk factors such as hypertension, diabetes mellitus and smoking, the proportion of Americans with CKD has been mainly attributed to the aging of the population (16) . In adults over 40 years, the glomerular iltration rate decreases by about 1% per year and older adults have higher rates of DM, SH and other risk factors for CKD (25) . As noted in the present study, the population was constituted by adults of average age and elderly people, of whom almost half had smoked in the past and one individual still smoked.
The study showed, as one of the main results, correlation between RMS and SMFC. Overall, the patients presented a decrease in RMS of <70% of that predicted (26) . The results also showed that the majority of the patients presented spirometric values within normal limits (13) .
The muscles responsible for respiration, such as the diaphragm and intercostals, among others, are classi ied as skeletal muscles and may present decreased strength and muscle endurance properties resulting from uremic myopathy. Some authors have studied the impairment of uremia in the diaphragm and concluded that there is loss of strength with severe uremia. The ventilatory de icit resulting from this compromise in the respiratory muscles, combined with other lung tissue compromises, impairs the function of this system, contributing to decreased lung capacity (27, 28) .
Discussion
The etiological cause of higher incidence among patients with terminal CKD in this study was SH followed by DM, as con irmed in other studies with large population bases, in which, among adults that developed CKD, the vast majority of cases (> 70%) were due to these pathologies (15, 16) . A large body of evidence from clinical trials and epidemiological studies indicates that hypertension is a major risk factor for CKD (17) . In one study, more than 330,000 men were monitored over a period of 16 years, in which, the initial BP was quantitatively presented as a predictor of risk for CKD, with a twofold increase in risk, even among men with BP within the normal range of values (18) . In observational studies, it was found that the relationship between BP and progression of CKD is direct and progressive (19) .
Recent studies suggest that CKD affects approximately 30% of patients with type 1 DM and 20% of patients with type 2 DM (20) . The time from diagnosis of the disease is another risk factor for the development of CKD, even though prevalence studies are dificult to interpret (21) . It is estimated that in the United Kingdom approximately one third of patients with CKD developed the disease due to DM (22) . Men seem to be at greater risk of developing nephropathy than women (23, 24) , as shown in the present study, where all the individuals who agreed to participate were male. approximately 28% in the distance covered in relation to the predicted values (387.8 ± 100.1 vs. 544.9 ± 104.9; p <.001) (38) . In the present study, a statistically significant positive correlation was observed between the 6MWT and MIP (r =.63, p =.001), which shows that performance in the 6MWT is proportional to that found in relation to inspiratory muscle strength. A similar result was found by Jatobá et al. (r =.39, p =.04) (33) .
Exercise intolerance is an essential clinical aspect in a wide range of diseases, including CKD, and is closely associated with deterioration in the quality of life and increased morbidity and mortality, due to cardiovascular disease. Patients with CKD undergoing HD present low exercise tolerance and deconditioning, despite advances in dialysis procedures.
Muscular weakness is a complication of CKD and the loss of muscle mass is the most signi icant predictor of mortality in patients undergoing HD (39) . Furthermore, longer periods of HD treatment are associated with decreased RMS (40) . The symptoms of muscle involvement translate into fatigue, weakness, atrophy, irritability and cramps (41) . In patients with chronic renal failure requiring HD, RMS and PF are directly linked to their body mass index, especially when associated with a longer HD treatment period and with the period between sessions (40) . Individuals with CKD, when compared to healthy subjects, present pulmonary disorders, such as decreased air low, obstructive disorders, reduced lung diffusion capacity, and decreased strength and RMS (33) (34) (35) .
Conclusion
Individuals with CKD undergoing HD present changes in respiratory muscle strength, with decreasing values for gender and age, as well as in the distance covered in the 6MWD, however, with spirometric values within normal limits. Functional capacity was found to be dependent on respiratory muscle strength, as well as the values of MIP and MEP and the values of FVC and FEV1. When one value decreased, the other followed this trend. Despite advances in dialysis procedures, these patients show low exercise tolerance, which leads to physical deconditioning and poor health related quality of life.
Since the measures of MIP and MEP are easily obtained, and taking into account that the values allow a relatively precise evaluation of the functional status of the respiratory muscles, it would be important to assess not only the degree of impairment at baseline, but also the influence of the hemodialysis session (9) .
In the study by Dipp et al., patients showed a reduction of MEP and 6MWD compared to the predicted values, representing, respectively, expiratory muscle weakness and decreased functional capacity, which is in agreement with the present study. This inding may be explained by the occurrence of uremic myopathy that intensely alters the skeletal muscular system, changing the type I and type II muscle ibers, especially those of type II (29) .
In the present study, the presence of a signi icant correlation between MIP and MEP allows the assumption that one is dependent on the other and, when one value is lower than that predicted, the other will follow this trend.
In a study by Moreira and Barros, with patients undergoing dialysis, muscle strength was decreased by 30% to 40% compared to normal subjects, which was related to structural and metabolic changes (30) . For Vieira et al., the etiology of muscle weakness is multifactorial, however, the main cause is vitamin D deficiency (31) . Studies with terminal CKD individuals have demonstrated RMS and the PF variables below the normal range (32) . In the present study, only the RMS values were found to be lower than expected (MIP% 36.0 ± 13.6, MEP% 49.5 ± 15.8), as was the case in the study of Jatobá et al., in which the MIP and MEP were found to be 38.2% and 29% below the minimum expected values, respectively (33) .
Individuals with CKD, when compared to healthy subjects, present pulmonary disorders, such as decreased airflow, obstructive disorders, reduced lung diffusion capacity, and decreased strength and RMS (33) (34) (35) .
Reduced distance covered in the 6MWD was veri ied in this sample of patients, compared to that predicted by the equations of Enright and Sherrill for normal subjects (6MWT% 66.33 ± 20.5). Low cardiorespiratory itness and functional capacity are associated with increased risk of mortality, hospitalization and morbidity in CKD patients (36, 37) . In the study of Baumgarten et al., functional capacity was measured through the 6MWT, with a decrease of
